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Abstract

Urinary tract infections (UTIs) after kidney transplantation are associated with significant morbidity. However, data on the
impact of UTT on graft survival are controversial. We conducted a retrospective cohort study of 380 kidney transplant patients.
Recipients with symptomatic UTIs during the first year after transplantation were categorized into three groups: early (<3
episodes from months 1st to 6th), late (<3 episodes during months 7th to 12th) and recurrent (>3 episodes throughout the
whole first year). Graft function at three years was considered the primary outcome. Symptomatic UTIs occurred in 184
(48.4%) kidney transplant recipients during the first year; 83 (21.8%) patients developed early UTIs, 50 (13.2%) late UTIs
and 51 (13.4%) recurrent UTIs. We observed a significant improvement in graft function after three years in all patients
(P <0.001) except those who had recurrent UTIs. A Kaplan—Meier analysis showed that recipients with recurrent UTIs had
worse graft outcome (eGFR value < 60 mL/min/1.73 m?) (P=0.01). Recurrent UTIs was an independent predictor of graft
function at three years in a model adjusted for DGF and episodes of acute rejection (Hazard Ratio, 2.2; 95% CI, 1.3 to 3.5;
P=0.001). Recurrent symptomatic UTIs during the first year after transplantation have negative impact on long-term graft
function.
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Introduction

Urinary tract infection (UTI) is the most important infec-
tion and major cause of morbidity and hospitalization
after kidney transplantation. The incidence of UTIs ranges
between 26 and 76%; this wide range is probably due to dif-
ferences in definition, diagnostic criteria, study design and
length of follow-up [1-6]. UTIs can occur at any time after

Francesco Pesce and Marida Martino equally contributed to the
present study.

Loreto Gesualdo and Giuseppe Castellano shared senior
authorship.

4 Giuseppe Castellano Nephrology Dialysis and Transplantation Unit, Department

giuseppe.castellano @uniba.it of Medical and Surgical Sciences, University of Foggia,
Foggia, Italy

Department of Emergency and Organ Transplantation, 4

Nephrology, Dialysis and Transplantation Unit, University

of Bari, Bari, Italy

Tissue Typing and Immunology of Transplants Unit,
Department of Diagnostic Pathology, University of Bari,
Bari, Italy

Department of Critical Care Medicine, Center for Critical 5
Care Nephrology, CRISMA (Clinical Research, Investigation,

and Systems Modeling of Acute Illness) Center, University

of Pittsburgh School of Medicine, Pittsburgh, USA

Center for Diagnosis and Treatment of Hereditary
Angioedema, Piazza G. Cesare 11, 70124 Bari, Italy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40620-019-00591-5&domain=pdf

662

Journal of Nephrology (2019) 32:661-668

transplantation, but a higher incidence is found in the first
6—12 months post-transplant [1].

The urinary tract is defended against UTIs by the innate
immune response, which eliminates the infection through
antibacterial effector mechanisms and, at the same time,
preserves tissue homeostasis. It has been demonstrated that
genes which regulate the innate immune response to infec-
tion influence susceptibility to UTI and genetic predisposi-
tion is a major factor for developing UTIs [7]. Although
mortality rate due to infection has significantly declined
from 50 to 5% within last 20 years, it is considered as a
severe risk factor for worse outcomes in kidney transplanta-
tion [8]. Data on the impact of UTIs on graft outcome are
controversial. Some studies have shown that UTIs contracted
during the first 3—6 months post-transplantation have a nega-
tive impact on graft and patient survival [9] but others have
not found any relation between UTIs and graft loss. It was
long believed that late UTIs, developed at least 6 months
after transplantation, could be considered “benign”. How-
ever, this assumption was supported only by few studies
[10-13]. A recent analysis of a large dataset has shown that,
on the contrary, these infections can have a negative impact
on graft survival [14-16].

Here we studied the epidemiology of different types of
urinary tract infections in a large cohort of kidney transplant
recipients trying to identify their potential predisposing fac-
tors and impact on graft function in the long term.

Methods
Setting and study population

We performed a retrospective cohort study of 380 patients
who received a kidney transplant at the Transplant Center,
Azienda Ospedaliero-Universitaria Consorziale Policlinico,
Bari, Italy, between January 2008 and September 2015. Kid-
ney transplant recipients were periodically followed up at the
Nephrology, Dialysis and Transplant Unit, Azienda Ospe-
daliero-Universitaria Consorziale Policlinico, Bari, Italy,
depending on the graft function and transplant age. Clinical
features (living or deceased donor, recipient age, gender,
BMLI, history of diabetes, hypertension, type of dialysis,
immunosuppression) were collected at the time of trans-
plantation. Data about renal function at several time points
(serum creatinine and estimated glomerular filtration rate
(eGFR)), episodes of delayed graft function (DGF), defined
as the need of hemodialysis during the first post-transplant
week, urological complications, Cytomegalovirus (CMV)
infections, episodes of UTIs, histological evidence of acute
rejection (AR), graft failure (End Stage Renal Disease,
ESRD) were collected during the follow-up period (up to
36 months) at each visit and anonymized. The anonymized
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datasets were then stored separately from the original data-
sets and subsequently analyzed. Urine culture was performed
weekly during the first month after transplantation and then
monthly during the first year, or when clinically indicated,
during the follow-up. If UTI occurred, a follow-up urine
culture after treatment was performed to assess clearance.
The clinical and research activities being reported are con-
sistent with the Principles of the Declaration of Istanbul as
outlined in the ‘Declaration of Istanbul on Organ Trafficking
and Transplant Tourism’.

Antibiotics prophylaxis

Antibiotic prophylaxis was used in all patients after surgery.
Cephalosporins were administered after transplantation for
2 weeks during which the removal of surgical drains and
urinary catheter occurred. Three days after transplantation
prophylaxis against Pneumocystis Pneumonia (PCP) was
started and continued for 6 months using trimethoprim/sul-
famethoxazole. The removal of the ureteral stent occurred
about 5 weeks after transplantation, in the absence of active
UTIs; a 5-day course of fluoroquinolones was given before
the removal.

Definitions

The presence of UTI was defined according to the guidelines
of the Infectious Diseases Society of America and European
Society of Clinical Microbiology and Infectious Disease [17,
18], as urine culture positivity with more than 10° colony-
forming units (CFU) of bacteria per mL with UTIs symp-
toms. Based on the time of onset, UTIs were categorized into
three groups: “Early” in patients who contracted less than
three UTIs only in the first 6 months after transplantation;
sporadic “Late” UTIs in patients who developed less than
three UTIs starting from the sixth month post-transplanta-
tion; finally, “Recurrent” UTIs in patients who had three or
more episodes throughout 12 months after transplantation, in
particular defining “relapsing” the cases with recurrence of
infection by the same species with an identical antibiogram
after appropriate treatment.

Graft function was defined by changes in serum creatinine
and eGFR (calculated using the MDRD formula) in patients
with a complete 3-years follow-up. The eGFR at time 0 (T0)
was defined as the highest value of eGFR during the first
2 months after transplantation. The primary outcome was
graft function (eGFR <60 ml/min/1.73 m?) at 3 years from
the date of kidney transplantation.

Statistical analysis

Parametric variables, expressed as mean values and
standard deviation (SD) were compared using Student
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t test. Non-parametric variables, expressed as medians
and interquartile range (IQR), were compared using the
Mann—Whitney test. Categorical variables expressed in
percentages were compared using Chi square test. Paired
sample t tests were used to compare changes in eGFR.
Cumulative event-free probabilities were calculated with
the use of Kaplan—Meier analysis and tested with the use
of the log-rank statistic based on a two-sided type I error
rate of 0.05. The Cox model was used to estimate the
hazard ratio for the primary outcome after adjustment
for pre-specified baseline covariates. Statistical analyses
were carried out using SPSS version 20 (IBM SPSS Sta-
tistics, IBM Corporation, Armonk, NY, United States),
and statistical significance was considered if P values
were < 0.05.

Results

UTIs occurred in 184 kidney transplant recipients (48.4%)
during the follow-up period [median 64 (34-90) months],
83 patients (21.8%) developed early UTIs, 50 cases (13.2%)
presented sporadic late UTIs and 51 patients (13.4%) had
recurrent UTIs. The average number of episodes in patients
with recurrent UTIs was 5.1 +2.5 and relapsing UTIs
accounted for 45% of these cases.

The demographics and baseline characteristics of these
patients are shown in Table 1.

Data on pathogens responsible of infections were avail-
able for 181 (98.4%) patients. Bacterial infections were
more frequent compared to fungal ones (7.7%), and overall
the most frequently isolated pathogen was Escherichia coli
(68.5%), followed by Klebsiella pneumoniae (29.3%). The
distribution of pathogens between the three groups of UTIs
was not significantly different. Escherichia coli was the most

Table 1 Demographic and clinical characteristics of kidney transplant recipients according to urinary tract infection type

All patients (n=380)

No UTIs (n=196)

Early UTIs (n=83) Late UTIs (n=50) Recurrent UTIs (n=51)

Donor characteristics

Living donors, n (%) 23 (6%) 8 (4.1%)

KDRI 1.51 (1.17-1.74)
Recipients characteristics

Age (years) 47 (31-58)

Gender (male, %) 227 (59.7%) 145 (74%)

BMI 25 (22-27)

Diabetes mellitus, n (%) 44 (11.6%) 18 (9.2%)

History of PKD, n (%) 46 (12.1%) 23 (11.7%)

Pre-emptive Tx, n (%) 4(1.1%) 3(1.5%)
Renal replacement therapy

HD, n (%) 317 (83.4%) 158 (80.6%)

PD, n (%) 59 (15.5%) 35 (17.9%)

Uropathy, n (%) 33 (8.7%) 18 (9.2%)

Immunosuppressive therapy

FK, n (%) 356 (93.7%) 180 (91.8%)
CsA, n (%) 20 (5.3%) 12 (6.1%)
Steroids, n (%) 359 (94.5%) 184 (93.9%)
mTORi, n (%) 22 (5.8%) 11 (5.6%)
Mycophenolate, n (%) 341 (89.7%) 173 (88.2%)
DGF, n (%) 65 (17.1%) 35 (17.9%)
AR, n (%) 24 (6.3%) 10 (5.1%)
Other urologic post- 37 (9.7%) 14 (7.1%)
transplant complications,
n (%)
CMYV infections, n (%) 152 (40%) 75 (38.3%)

4 (4.8%)
1.65 (1.34-1.86)

6 (12%)
1.39 (1.15-1.80)

5(9.8%)
1.54 (1.43-1.76)

50 (37-65) 43 (30-54) 59 (48-67)
40 (48.2%) 18 (36%) 24 (47.1%)
24.2 (22.3-27.1) 25 (21-27.9) 24 (22-28)
10 (12%) 10 (20%) 6 (11.8%)
7 (8.4%) 7 (14%) 9 (17.6%)
0 (0%) 12%) 0 (0%)

73 (88%) 44 (38%) 42 (82.4%)
10 (12%) 5 (10%) 9 (17.6%)
5 (6%) 5 (10%) 5(9.8%)
80 (96.4%) 48 (96%) 48 (94.1%)
3 (3.6%) 2 (4%) 3 (5.9%)
78 (93%) 47 (94%) 50 (98%)
4(4.8%) 3 (6%) 4(7.8%)
76 (91.5%) 48 (96%) 44 (86.2%)
16 (19.3%) 4(8%) 10 (19.6%)
6 (7.2%) 5 (10%) 3 (5.9%)

7 (8.4%) 6 (12%) 10 (19.6%)
33 (39.8%) 19 (38%) 25 (49%)

Numerical data are summarized by median and interquartile range and categorical data by count (absolute value) and percentage

UTlIs urinary tract infections, KDRI kidney donor risk factors, BMI body mass index, PKD polycystic kidney disease, HD hemodialysis, PD
peritoneal dialysis, FK tacrolimus, CsA cyclosporine, mTORi mammalian target of rapamycin inhibitors, DGF delayed graft function, AR acute

rejection, CMV cytomegalovirus infection
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prevalent in each group but there was a higher proportion
of Proteus in late UTIs (p=0.018) and Enterobacter spp in
recurrent UTIs (P=0.010) (Fig. 1). Escherichia coli (90%)
was the most common frequent organism in relapsed epi-
sodes, followed by Klebsiella pneumonia (10%).

The comparison between the three groups of UTIs, based
on recipient age, did not show any difference; nevertheless,
the entire group of patients who developed UTIs was signifi-
cantly older [median age, 50 (37-64) years] than the group
of transplant recipients who did not have any episode of
UTI during the first year post-transplant [median age, 47.5
(31-58) years UTIs, P=0.02]. As expected, also the donor
age was higher for patients who developed UTIs (P=0.029).

Similarly to the general population, male kidney trans-
plant recipients had a lower prevalence of UTIs (P <0.001)
and in both genders early UTIs was the predominant cat-
egory. No significant differences were found between the
groups in terms of body mass index (BMI), diabetes, dialy-
sis vintage, type of dialysis, native kidney disease, type of
donor, donor renal function, kidney donor risk index (KDRI)
score, delayed graft function (DGF), history of acute rejec-
tion, panel reactive antibodies, donor specific antibodies
(DSA) and occurrence of urological complications after
transplantation. Furthermore, we did not find any signifi-
cant association between the use of steroids, tacrolimus,
cyclosporine, mycophenolate and mTOR inhibitors with the
development of UTIs and between the different UTIs groups.

Impact of urinary tract infections on graft outcome

Next, we evaluated the impact of the three different catego-
ries of UTIs (early, late and recurrent) on graft function after
three years (data available for 260 (68.5%) patients).

We found that after 36 months, all patients, except
those who developed recurrent UTIs, showed a

E.Coli 68.5%

Enterococcus 19.3% Fungi 7.7%

Other 4.4%

Pseudomonas 5.5% Enterobacter 5.5%

Proteus 7.2%

Citrobacter 2.2%
Klebsiella 29.3%

Staphylococcus 0.6%

significant improvement in eGFR compared to the levels at
TO (P<0.001, Fig. 2).

A Kaplan—Meier survival curve using a cut-off of
<60 ml/min for eGFR as end-point, revealed that kidney
transplant patients with recurrent UTIs had the worst graft
outcome compared to the other two groups (P=0.01, Fig. 3).

A multivariate survival analysis using Cox’s regression
showed that only recurrent UTIs were an independent pre-
dictor of graft function in a model adjusted for DGF and
episodes of acute rejection (Hazard Ratio, 2.2; 95% CI, 1.3
to 3.5; P=0.001).
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Fig.2 Creatinine clearance at one month from transplantation (TO)
and after 36 months (T36) in kidney transplant recipients stratified
by type of urinary infections. *P <0.001, **P=NS, eGFR, estimated
glomerular filtration rate
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Fig. 1 Prevalence of pathogens, overall (a) and by type of urinary infection (b)
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Fig.3 Kaplan—Meier curve Kaplan-Meier Plot
showing the graft function
according to the different 1.00 1
categories of urinary tract infec-
tions, using a creatinine clear-
ance < 60 ml/min as endpoint
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Discussion

Urinary tract infections are a leading cause of hospitaliza-
tion and comorbidity in kidney transplant recipients [19].
The reported incidence varies widely between 26% and 76%,
probably due to differences in the populations studied, defi-
nitions, diagnostic criteria and duration of follow-up in the
different cohorts [1, 2, 5, 20]. Although it was long believed
that UTTs could be considered “benign”, in recent years, a
better knowledge and management of transplant patients is
highlighting the possibility that these infections can nega-
tively impact on graft’s function, thus spurring many studies
on the issue.

In our retrospective cohort study we found a prevalence of
UTIs during the first post-transplant year of 48.4% and the
majority presented early UTIs (less than 3 episodes during
the first semester after transplantation), whereas late UTIs
(less than 3 episodes after the first 6 months post-transplan-
tation) and recurrent UTIs (3 or more episodes, persisting
after the first semester post-transplantation) showed a simi-
lar frequency. Many authors have also reported that infec-
tions occurred mainly in the early post-transplant period,

Numbers at risk

particularly in the first 3 to 6 months. This is probably due
to the surgical trauma, the placement of urinary catheter and
ureteral stent and the need for a higher level of immunosup-
pression [2, 21, 22].

As for the analysis of potential predisposing factors for
UTIs, we took into account variables related to the donor,
the recipient and the transplant itself. We compared the
categories of UTIs according to various characteristics like
recipient age and BMI at the time of the transplant, kidney
function indices of the donor and KDRI score, without
finding any statistically significant difference. Regarding
the age of the recipient, several Authors have shown no
correlation with UTIs [23-25]; by contrast, several studies
have identified older age as an independent risk factor for
UTISs in transplant recipient [3, 26, 27]. Kidney transplant
in elderly subjects is often associated with a higher per-
centage of general infections than younger patients [28].
An ineffective cellular immunity and, probably, a lower
tolerance to immunosuppression associated with comor-
bidities, such as diabetes, may contribute to the higher
prevalence of bacterial infections found in older recipients.
Our findings are in line with these previous reports, as
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we found that patients with UTIs during the first post-
transplant year were significantly older compared to those
who did not. Likewise, as expected, this result was mir-
rored when considering the donor age, given that usually
the allocation process takes into account the age of the
recipient.

Male recipients developed UTIs less frequently than
women as found in other cohorts [2, 24, 29]. We took into
account the influence of comorbidity, such as diabetes mel-
litus, polycystic kidney disease and uropathies, without find-
ing any difference between patients who developed UTIs
and those who did not and also between the three categories
of UTIs. In the case of diabetes, a number of studies have
shown conflicting results [2, 3, 14, 25, 30-32]. The different
types of pre-transplant treatment (conservative therapy for
preemptive kidney transplantation, hemodialysis and perito-
neal dialysis) in our groups were not significant. Abbott et al.
showed that hemodialysis vintage before transplantation rep-
resents a risk factor for the development of UTIs whereas in
our cohort there was no association [14].

We did not find any influence of the type of donor (liv-
ing or deceased), as well as for transplant complications
(DGF, acute rejection, CMV infections) in the develop-
ment of UTIs. In the literature, many studies have found
an increased risk of developing UTIs with deceased donor
graft [14, 30, 32-37], as opposed to Sqalli et al. [23]. The
effect of acute rejection is still unclear; Rabkin et al. sug-
gested that a correlation between UTIs and AR is most likely
found in the need to treat graft rejection with more intensive
immunosuppressive therapy [33]. In our cohort, we did not
any association between various immunosuppressant such
as prednisone, tacrolimus, cyclosporine, mycophenolate,
mTORI, and the development of UTIs. Chuang et al. have
found a causal link with the use of azathioprine [3], while
Kamath et al. described the relationship with mycophenolate
mofetil [25]. Munoz et al. have shown that late UTIs are
associated with a corticosteroid dose of > 20 mg/day, base-
line creatinine >2 mg/dl, chronic viral diseases and multiple
immunosuppression [38].

The main aim of this study was to show the possible nega-
tive impact of UTIs on graft’s function. The analysis of data
related to our transplant patients with a follow-up of at least
3 years, has demonstrated relevant clinical findings. Trans-
plant recipient who did not develop UTIs and patients with
early or late UTIs showed a significant improvement in graft
functionality in terms of creatinine clearance, 36 months
after nadir, whereas patients with recurrent infections dur-
ing the first post-transplant year did not show any improve-
ment. This latter group, in fact, had a worse graft survival
curve in 3 years, considering a 60 ml/min cut-off for eGFR
as endpoint. To confirm these results, we performed a mul-
tivariate Cox regression analysis, which showed that only
recurrent UTIs are an independent factor of graft function
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deterioration, when adjusting the model to known risk fac-
tor, as gender, age and DGF.

Different monocentric studies have shown that acute pye-
lonephritis, especially in the first 3 months post-transplant,
represents a risk factor for the worsening of graft function
in the long term, but do not affect the loss of the organ in
5 years or the mortality [5, 9].

More controversial is the view on asymptomatic bacte-
riuria. According to several authors [14, 32, 34, 35, 39] it
could be a risk factor for the development of a symptomatic
UTI and acute pyelonephritis, and if associated with pyu-
ria, can be detrimental on graft function causing urosepsis
in 10-12%, which can be fatal in nearly half of the cases
[3, 5]. Other studies have instead shown that asymptomatic
bacteriuria may be associated with an insult on the graft,
in particular, Ciszek et al. [40] have shown an increase in
interleukin-8 levels in the urine of transplanted patients with
asymptomatic bacteriuria compared to control, suggesting
an inflammatory response that may affect graft function.
For these reasons, the possible treatment of these episodes
it is still very debated. There are conflicting data on UTIs
that occur later in life after transplantation, or after at least
6 months. These have long been considered fairly benign.
However, retrospective data from the United States Renal
Data System from 28,942 patients show that late UTIs are
independently associated with an increased risk (> 1.33
times) of recipient death and graft loss (>2.35 times) [14].
Moreover, Dupont et al. [41] showed that cortical scarring,
though not associated with reduced graft survival, was fre-
quently found in patients with late UTIs, even in asympto-
matic patients.

Our study has shown that recurrent UTIs during the first
post-transplant year represent an independent predictor of
graft’s functional deterioration; in particular patients with
recurrent UTIs, unlike the others, did not recovered their
graft function and presented a worse graft survival curve in
a follow up of 3 years. This study has some limitations that
have to be pointed out. It is a retrospective study and the
follow up is limited. However, this work indicates that recur-
rent symptomatic UTIs are potentially dangerous for graft
function and patient’s survival. Therefore there is the need
for an individualized screening program in kidney transplant
recipients in order to establish appropriate prevention and/
or treatment, always taking into account the risk—benefit and
the issue of antibiotic resistance.

In conclusion, recurrent UTI during the first year after
kidney transplantation have negative impact on graft func-
tion at three years compared to other types of UTIs. Trans-
plant recipients with recurrent UTIs should be closely moni-
tored to establish an appropriate prevention and/or treatment.
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